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Published by 2 resonator with grade-phase mirrors could discriminate against undesired modes by altering the generalized radius of curvature of the incoming beam according to [1] : 
where R 1 and R 2 are the generalized radii of curvature just prior and just after the graded-phase mirror (φ M ) respectively. Equation (1) indicates that the real radius of curvature of the beam is changed by the phase function of the graded-phase mirror, and moreover, this change is dependent on the incoming amplitude of the field, ψ 1 (x). In other words, it is possible for such a graded-phase mirror to discriminate against modes that do not have the proper distribution, ψ 1 (x). However, when the graded-phase mirror is spherical (assuming the paraxial limit), the change in curvature of the beam becomes independent of the incoming amplitude of the field, ψ 1 (x), since the derivative in the integrand becomes proportional to x. Unfortunately, for Gaussian beams the required gradedphase mirror surface is spherical, therefore annulling the aforementioned discrimination process.
To put this another way, the graded-phase mirror approach cannot be used to select between any of the Hermite-Gaussian (in resonators with rectangular symmetry) or Laguerre-Gaussian (in resonators with circular symmetry) modes, and therefore by definition not the lowest order Gaussian mode either. The reason is simply that under free space propagation all such fields have an identical real radius of curvature, defined by spherical wavefronts, and thus reverse propagating such beams to find the appropriate conjugate always returns a solution that requires a spherical curvature mirror. Note that the form of the graded-phase mirror here might in fact be a deformable mirror, a diffractive mirror, or approximated by a transmission diffractive optical element or even
Published by 3 an intra-cavity phase-only spatial light modulator. The limitation is not in how the phase element is implemented, but rather by the fundamental physics governing the propagation of Gaussian beams.
It is however possible to overcome this problem by metamorphosing a Gaussian beam into another desired shape. Since the resulting propagation will not follow that of a Gaussian beam in free space, the resulting beam after propagation may be discriminated against in the usual manner.
In this Letter we propose a resonator concept that produces a Gaussian mode using diffractive optical elements by intra-cavity metamorphosis of a Gaussian beam at the output coupler end, to a flat-top beam at the opposite end of the cavity. It is well known that flat-top beams have been favored over Gaussian beams in those applications where high power extract is required [3] . This is because flat-top beams enjoy a larger mode volume for the same Gaussian beam size, and they overcome the poor saturation and energy extraction at the edge of Gaussian beams. Such a resonator has the possibility of low diffraction loss, and high energy extraction, while producing a low divergence Gaussian beam.
We illustrate the concept graphically in Figure 1 : a flat-flat resonator is modified with suitable intra-cavity diffractive optical elements, where the sum of the flat mirror and adjacent transmission DOE mimics a graded-phase mirror. Our task is to outline the functional form of the two DOEs.
To do this, we consider a circular Gaussian field at mirror M 1 of the form
where w 0 is the radius where the field is at 1/e of its peak value. If the DOE at mirror M 1 is made up of a Fourier transforming lens and a phase only transmission element, φ SF , and the resonator length is selected to match the focal length of the Fourier transforming lens (L = f), then the resulting field at mirror M 2 will be given by:
We may apply the method of stationary phase to find an analytical solution for the phase function φ SF , such that the field u 2 is a perfect flat-top beam, of width w FTB [4] :
where a dimensionless parameter β has been introduced, defined as
Since the flat-top beam is generated only at the Fourier plane of the lens, the effective phase profile of the DOE at mirror M 1 mimicking both the lens and this element is given by:
where the second term is the required Fourier transforming lens. In addition to an exact function for the first DOE's phase, we state here (the proof is beyond the scope of this Letter and will be published elsewhere) that it is also possible to use the stationary phase method to extract a closed form solution for the phase of the DOE at mirror M 2 as:
where from the stationary phase condition
we may find the unknown function:
Such a mirror will reproduce our Gaussian field with a flat wavefront at mirror M 1 , as desired.
Moreover, since the field at mirror M 2 is a flat-top beam, there exists the possibility for uniform gain saturation and high energy extraction if the gain medium is placed at this end of the resonator cavity.
It is instructive to consider the flat-top beam as a Flattened Gaussian Beam (FGB) of order N [5] . The advantage of this profile over others is that it offers a simple analytical expression for the beam profile at any propagation distance z, and furthermore, the Gaussian and flat-top profiles are returned when N = 1 and N →∞ respectively. It is well known that flat-top beams are able to fill a larger mode volume without the adverse affects of diffraction for similar sized Gaussian beams, due to the fast drop in intensity at the edges of the beam. In fact, it has been pointed out [6] that even a relatively low order FGB fills nearly four times more volume of a laser rod of diameter d = 3w 0 than a Gaussian beam could, due to the smaller Gaussian field required in order to avoid hard edge clipping. In addition, the peak intensity of the FGB is smaller than that of a Gaussian beam of the same width and energy, reaching a minimum of only half the peak intensity when the order N >> 1. This is important when considering practical issues such as thermally induced stress In our design these points may be balanced through the use of Eq. (4) 
Published by 7 we then deduce that the required resonator length (L = f) is given by ~500 mm. Figure 2 shows the results of a numerical simulation of the aforementioned resonator, starting with a field of random noise and propagated following the Fox-Li approach [7] until stability, with mirror radii of 4w 0 . 
